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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] This invention relates to a novel copolymer consisting of a cumarin derivative and N-vinylcarbazole, a proc- 
ess for producing the same, and an electroluminescent (hereinafter abbreviated to EL) element using the copolymer. 

10 2. Description of the Related Art 

[0002] Noticing the high fluorescent efficiency of organic compounds, research on elements utilizing the EL prop- 
erties of organic compounds has been carried out from old time. For example, W. Helfrish and Dresmer Williams 
obtained a blue color fluorescence using anthracene crystals (Journal of Chemical Physics, Vol. 44, p. 2902, 1966, and 
15 J. Chem. Phys., 44, 2902 (1966)). Further, C.W. Tang and S.A. Vanslyke obtained a green color fluorescence using an 
oxine complex (Applied Physics, Lett., 51 (12), 21 (1987)). 

[0003] However, these have not been provided with sufficient conditions for practical utility. For example, there have 
been raised such problems that, in the former case, the driving voltage is high, and in the latter case, as the luminescent 
layer has no positive hole-injection capability, a laminate structure containing a positive hole-injecting layer is required, 
20 and further, it is difficult to obtain a luminescence having a wavelength shorter than the luminescent wavelength of 8- 
hydroxyquinoline aluminum complex having a capability of electron-injecting capability. 

[0004] On the other hand, Japanese patent application laid-open No. Hei 4-212286 discloses an organic EL ele- 
ment having mixed a compound having a positive hole-injecting capability, a fluorescent substance and a compound 
having an electron-injecting capability. However, this element, too, has been unsatisfactory in the aspect of luminescent 
25 efficiency. Further, Japanese patent application laid-open No. Hei 4-359989 discloses a cumarin polymer. However, the 
cumarin homopolymer has a drawback that the concentration extinction is notable. Thus, the luminescent efficiency is 
inferior. 

[0005] In order to obtain a high luminescent efficiency in the organic EL element, it is necessary to efficiently take 
out the positive hole and electron from the electrode, efficiently transport them as far as the luminescent center and fur- 

30 ther, efficiently inject them into the luminescent center. As one of materials for transporting the positive hole and inject- 
ing it into the luminescent center as above (positive hole-transporting material) , poly N-vinylcarbazole (hereinafter 
abbreviated to PVCz) has been known. An example wherein this PVCz was used as a positive hole-transporting layer, 
has been disclosed in Japanese patent application laid-open No. Hei 3-137186. However, a potential barrier between 
the layer and the luminescent layer has constituted a factor of lowering the efficiency. Further, the above Japanese pat- 

35 ent application laid-open No. Hei 4-212286 discloses an example wherein a fluorescent pigment is mixed with PVCz. 
When the positive hole or electron moves from one molecule to another molecule, the shorter the distance between the 
respective molecules, the more efficiently the hole or electron moves. In other words, it is preferred that the positive 
hole-transporting material is close to the luminescent layer. Additionally, as compared with the case where the positive 
hole-transporting material is mixed with the luminescent material, a case where they are chemically bonded to each 

40 other is particularly preferred. 

SUMMARY OF THE INVENTION 

[0006] In order to solve these problems and thereby find an organic EL element having a high luminescent effi- 
45 ciency, we have made extensive research. As a result, we have found that an organic EL element using a novel com- 
pound obtained by copolymerizing a cumarin derivative with N-vinylcarbazole has a high efficiency. Thus, we have 
completed the present invention. 

[0007] The present invention has the following aspects of 1 ) to 6). 

so 1 ) A copolymer consisting of repetition units expressed by the formula (1 ) and repetition units expressed by the for- 

mula (2), the content of the repetition units (1) in the total repetition units being 0.01 to 50% by mol, and the weight 
average molecular weight calculated in terms of polystyrene (hereinafter merely abbreviated to weight average 
molecular weight) measured according to gel permeation chromatography being 1 ,000 to 1 ,000,000: 

55 
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( 1 ) 



( 2 ) 



in the formula (1), R-, to R 5 each independently being chosen from the groups of hydrogen, fluorine, alkyl group, 
25 alkoxy group, dialkylamino group, alkanoyloxy group, alkyloxycarbonyl group, aryl group, cyano group, alkanoyl 
group or trifluoromethyl group; X representing O or NY (wherein Y represents hydrogen, alkyl group or aryl group); 
n representing 0, 1 or 2; and R 6 representing hydrogen or methyl group. 

2) A copolymer according to item 1 ), wherein the repetition units of the formula (1 ) and the formula (2) are arranged 
randomly. 

30 3) A process for producing a copolymer, which comprises reacting a mixture of one kind or more of cumarin deriv- 

atives expressed by the formula (3) 



35 



40 




( 3 ) 



whose total quantity is 0.01 to 50% by mol, with 99.99 to 50% by mol of N-vinylcarbazole, in the presence of a 
45 polymerization initiator or a catalyst. 

4) An electroluminescent element using a thin film containing a copolymer consisting of repetition units expressed 
by the formula (1) and the formula (2) set forth in item 1), the content of the repetition units expressed by the for- 
mula (1) in the total repetition units being 0.01 to 50% by mol, and having a weight average molecular weight of 
1,000 to 1,000,000. 

so 5) An electroluminescent element according to item 4), arranged in the order of an anode/a thin film containing said 
copolymer/a cathode. 

6) An electroluminescent element according to item 4), arranged in the order of an anode/a thin film containing said 
copolymer/a thin film consisting of an electron-transporting material/a cathode. 

7) An electroluminescent element according to item 4), arranged in the order of an anode/a thin film containing said 
55 copolymer and an electron-transporting material/a cathode. 
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Brief Description of the Accompanying Drawings 
[0008] 

Fig. 1 shows a fluorescent spector of the copolymer obtained in Example 1 . 
Fig. 2 shows a fluorescent spector of the copolymer obtained in Example 2. 
Fig. 3 shows a fluorescent spector of the copolymer obtained in Example 3. 
Fig. 4 shows a fluorescent spector of the copolymer obtained in Exmaple 4. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0009] The present invention will be described in more detail. 

[0010] The above novel copolymer of the present invention can be produced according to the production process 
described below. Namely, the copolymer is obtained by copolymerizing N-vinylcarbazole with a cumarin derivative 
expressed by the formula (3) in the presence of an initiator or a catalyst. The polymerization process has no particular 
limitation as far as both the monomers are copolymerized. As examples of the polymerization process, radical polym- 
erization, cation polymerization, etc. are mentioned. As initiators used for radical polymerization, known initiators such 
as azo compounds such as azobisisobutyronitrile (hereinafter abbreviated to AIBN), peroxides such as benzoyl perox- 
ide, dithiocarbamates such as tetraethylthiuram disulfide, etc. are mentioned. As the catalyst used for cationic polymer- 
ization, known compounds such as Louis acid compounds such as trifluoroborate or tin tetrachloride, inorganic acid 
compounds such as sulfuric acid or hydrochloric acid, cationic exchange resins, etc. are mentioned. 
[0011] As concrete examples of cumarin derivative monomers used for the preparation of the copolymer of the 
present invention, compounds expressed by the formulas (4) to (62) are mentioned: 
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CH,=CHCOOCH 2 CH 2 NH 
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( 2 4.) 



(26) 



25 



30 



H 



COOEt 



(26) 



35 



CH 2 *=CHCOOCH 2 CH 2 NH 



40 



45 



O 



COOEt 



50 



H 




o^o 



(27) 



(28) 



55 



9 



EP 0 661 366 B1 




(29) 



(30) 



(31) 



(32) 



(33) 



10 



EP 0 661 366 B1 




(34) 



(36) 



(36) 



(37) 



(38) 



Et 



EP 0 661 366 B1 





12 



EP 0 661 366 B1 




13 



EP 0 661 366 B1 




CH,=CHCOOCH 2 CH 2 NPh' 



Me 

jfxX 




CH 2 =CHCOOCH 2 CH 2 NPh 



14 



EP 0 661 366 B1 




15 



EP 0 661 366 B1 





(60) 



(61) 




[0012] Among these compounds, those having an ethylene group between (meth)acryl group and cumarin ring are 
preferable, and among those, compounds expressed by the formulas (13), (15), (17), (29), (31), (33), (43), (45), (47), 
(57), (59) and (61) are particularly preferable. 

[0013] The polymerization reaction may be carried out without using any solvent, but use of a solvent is preferable 
since the reaction heat can be easily removed. As concrete examples of the solvent used in the present invention, ben- 
zene, toluene, xylene, anisole, chloroform, carbon tetrachloride, N,N-dimethylformamide, N,N-dimethylacetamide, N- 
methyl-2-pyrrolidone, N,N-dimethylsulfoxide, petroleum ether, ligroin, hexane, heptane, cyclohexane, dioxane, etc. may 
be mentioned, but the solvent is not always limited to these. 

[0014] As preferable embodiments of the polymerization reaction, (i) a process wherein one or more kinds of 
cumarin derivatives expressed by the formula (3) are mixed with N-vinylcarbazole in the presence of a solvent and reac- 
tion is carried out in the presence of a polymerization initiator or a catalyst, to obtain a random copolymer; (ii) a process 
wherein a cumarin derivative is mixed with N-vinylcarbazole, followed by carrying out reaction for a definite period, 
thereafter adding another kind of cumarin and continuing the polymerization reaction, to obtain a random copolymer; 
(iii) a process of repeatedly carrying out the reaction process (ii); (iv) a process wherein a reaction of only either one of 
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a cumarin derivative or N-vinylcarbazole is initially carried out for a definite period, followed by adding the other mono- 
mer and continuing polymerization reaction, to obtain a block copolymer; (v) a process wherein the above reaction con- 
ditions are intermittently or continuously varied midway the polymerization reaction, in order to control the distribution 
of the molecular weight of the polymer or the composition distribution thereof, etc. may be mentioned. The process (i) 
5 gives a random copolymer, the processes (ii) and (iv) give block copolymers, and the process (iii) gives a multiblock 
copolymer. 

[0015] In the production process of the present invention, the polymerization temperature is 0° to 120°C, preferably 
1 0° to 80°C, and the reaction period is 1 to 48 hours, preferably 2 to 1 2 hours. After completion of the reaction, the reac- 
tion liquid is mixed with a poor solvent such as methyl alcohol, ethyl alcohol, propyl alcohol, acetone, etc. to deposit the 

w polymer, followed by filtering off and drying, for use. 

[0016] The weight average molecular weight of the thus obtained copolymer of the present invention is in the range 
of 1 ,000 to 1 ,000,000, preferably 5,000 to 500,000, particularly preferably 1 0,000 to 200,000. If it is less than the lower 
limit, the strength of the resulting thin film is weak, while if it exceeds the upper limit, the processability of the polymer 
lowers. The composition ratio of the copolymer of the present invention is in the range of 0.01 to 50% by mol, preferably 

15 0.05 to 10% by mol, in terms of the repetition units of cumarin derivative part carrying the luminescent function, based 
upon the total repetition units, preferably 0.05 to 10% by mol. If the ratio is less than the lower limit, the fluorescence at 
the cumarin derivative part is weak, while if it exceeds the upper limit, the concentration extinction occurs, the fluores- 
cent intensity lowers and the positive hole-transporting capability lowers. 

[0017] The copolymer of the present invention is a copolymer wherein the N-vinylcarbazole part (repetition units 
20 expressed by the formula (2)) having an excellent positive hole-transporting capability has been chemically bonded to 
the cumarin derivative part (repetition units expressed by the formula (1)) having a high luminescent efficiency. Thus, 
the transportation of the positive hole to the cumarin part as the luminescent center occurs very efficiently; hence a 
luminescence having a high efficiency has been achieved. Further, as to the copolymer of the present invention, when 
the structure of the cumarin part is varied, it is possible to vary the luminescent color to various ones. For example, the 
25 copolymer obtained from a monomer expressed by the formula (13) emits a blue color light, and a copolymer obtained 
from a monomer expressed by the formula (62) emits a red color light. Further, when the composition ratio of the 
cumarin derivative part is extremely small based upon that of N-vinylcarbazole part, a violet color light originated from 
N-vinylcarbazole part is observed to emit. Namely, the copolymer of the present invention is possible to emit light over 
the total visible region; hence it is also adequate as a component of a display for full color. Further, the copolymer of the 
30 present invention has an adequate molecular weight; hence when it is used as a coating solution, it has a superior sol- 
ubility in solvents and also a superior film-formability and further has a superior adhesion onto substrates; hence it is 
possible to form a good coating. 

[0018] The construction of the EL element using the copolymer of the copolymer of the present invention includes 
various kinds of embodiments, but basically, there is formed a construction wherein the copolymer of the present inven- 
35 tion is placed between a pair of electrodes (an anode and a cathode), and if necessary, the positive hole-transporting 
layer and the electron -transporting layer may be intervened. 

[0019] Further, in the element of the above construction, it is preferred that any one has been supported onto the 
substrate, and the substrate has no particular limitation, but those conventionally used so far, for example those made 
from glass, transparent plastics, silica, etc. can be used. 

40 [0020] The copolymer of the present invention is useful as a luminescent layer of these EL elements. This lumines- 
cent layer can be formed by making it into a thin film for example according to a known method such as deposition 
method, coating method, etc., and it is particularly preferred to make it into a molecule laid-up film. Herein, the molecule 
laid-up film refers to a thin film formed by depositing the compound from its gas phase or formed by solidifying the com- 
pound from its solution state or liquid state. Usually this molecule laid-up film can be distinguished from a thin film (mol- 

45 ecule laid-up film) formed according to LB method. Further, the luminescent film requires no integrating agent such as 
resin, etc., but the layer can be formed by dissolving the compound in a solvent, followed by making the resulting solu- 
tion into a thin film according to spin-coating method or the like; hence the layer is commercially profitable. 
[0021] The thickness of the thus formed thin film of the luminescent layer has no particular limitation and can be 
adequately chosen depending upon conditions, but usually it is chosen within a range of 2 nm to 5,000 nm. 

so [0022] As the anode in the EL element, those which are made from electrodic substances having a large work func- 
tion (40 eV or more) such as metals, alloys, electroconductive compounds or mixtures thereof are preferably used. As 
concrete examples of these electrodic substances, metals such as Au, and dielectric transparent materials such as Cul, 
ITO, Sn0 2 , Zn0 2 , etc. are mentioned. These anodes can be prepared by forming a thin film according to subjecting 
these electrodic substances to deposition, spattering, etc. In the case where luminescent light is taken from the elec- 

55 trades, the transmittance is preferably 10% or higher, and the sheet resistance as the electrode is preferably several 
hundreds fl/mm or less. 

[0023] Further, the film thickness is chosen usually in the range of 10 nm to 1 um, preferably in the range of 10 to 
200 nm. 
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[0024] On the other hand, as the cathode, those which are made from electrodic substances having a small work 
function (4 eV or less), such as metals, alloys, electroconductive compounds or mixtures thereof are used. As concrete 
examples of such electrodic substances, Na, Na-K alloy, Mg, Li, Mg/Cu mixture, A£/A£0 2 , indium, etc. are mentioned. 
The cathode can be prepared by forming a thin film according to subjecting the electrodic substances to deposition, 
spattering, etc. Further, the sheet resistance as the electrode is preferably several hundreds ft/mm or less, and the film 
thickness is chosen usually in the range of 10 nm to 1 urn, preferably in the range of 50 to 200 nm. 
[0025] The construction of the EL element using the copolymer of the present invention includes various embodi- 
ments, as described above, and since the copolymer of the present invention itself has a positive hole-transporting 
capability, it is unnecessary to particularly provide a positive hole-transporting layer; hence this is commercially profit- 
able. However, if necessary, the positive hole-transporting layer may be provided between the anode and the copoly- 
mer, or instead, another positive hole-transporting material may be mixed with the copolymer layer. 
[0026] As the positive hole-transporting material used, a compound which can adequately transmit the positive hole 
to the luminescent layer in the case where the positive hole is arranged between two electrodes having an electric field 
imparted thereto, and is injected from the anode. For example, a compound having a positive hole mobility of 10" 
cm 2 /V • sec. or more, at the time of impressing an electric field of 10 4 to 10 6 V/cm, is adequate. Such a positive hole- 
transporting material has no particular limitation so far as it has the above-mentioned preferable properties, and it can 
be optionally chosen from among those which have so far been conventionally used as a material for transporting the 
electric charge of positive hole in the photoconductive materials or those which have been known to be used for the 
positive hole-transporting layer of EL element. 

[0027] Examples of the positive hole-transporting material are as follows: 

triazole derivatives (disclosed in U.S. P. 

No. 3,112,197, etc.), 
oxadiazole derivatives (disclosed in U.S.P. 

No. 3,189,447, etc.), 

imidazole derivatives (disclosed in Japanese patent publication No. Sho 37-16096, etc.), 

polyarylalkane derivatives (disclosed in U.S.P. No. 3,615,402, No. 3,820,989, No. 3,542,544, Japanese patent pub- 
lication Nos.Sho 45-555, Sho 51-10983, Japanese patent application laid-open Nos. Sho 51-93224, Sho 55- 
17105, Sho 56-4148, Sho 55-108667, Sho 55-156953, Sho 56-36656, etc.) 

pyrazoline derivatives and pyrazolone derivatives (disclosed in U.S.P. No. 3,180,729, No. 4,278,746, Japanese pat- 
ent application laid open Nos. Sho 55-88064, Sho 55-88065, Sho 49-1 05537, Sho 55-51 086, Sho 56-80051 , Sho 
56-88141 , Sho 57-45545, Sho 54-1 12637, Sho 55-74546, etc.), 

phenylene diamine derivatives (disclosed in U.S.P. No. 3,615,404, Japanese patent publication Nos. Sho 51- 
1 01 05, Sho 46-371 2, Sho 46-3712, Sho 47-25336, Japanese patent application laid-open Nos. Sho 54-53435, Sho 

54- 1 1 0536, Sho 54-1 1 9925, etc.), 

arylamine derivatives (disclosed in U.S.P. No. 3,567,450, No. 3,180,703, No. 3,240,597, No. 3,658,520, No. 
4 232,103, No. 4,175,961 , No. 4,012,376, Japanese patent publication Nos. Sho 49-35702, Sho 39-27577, Japa- 
nese patent application laid-open Nos. Sho 55-144250, Sho 56-119132, Sho 56-22437, West German patent No. 
1,110,518, etc. 

amino-substituted chalcone derivatives (disclosed in U.S.P. No. 3,526,501 , etc.), 
oxazole derivatives (disclosed in U.S.P. No. 3,257,203, etc.) 

styrylanthracene derivatives (disclosed in Japanese patent application laid-open No. Sho 56-46234, etc.), 
fluorenone derivatives (disclosed in Japanese patent application laid-open No. Sho 54-1 10837, etc.), 
hydrazone derivatives (disclosed in U.S.P. No. 3,717,462, Japanese patent application laid-open Nos. Sho 54- 
59143, Sho 55-52063, Sho 55-52064, Sho 55-46760, Sho 55-854995, Sho 57-1 1350, Sho 57-148749, etc.), 
stilbene derivatives (disclosed in Japanese patent application laid-open Nos. Sho 61 -210363, Sho 61 -228451 , Sho 
61-14642, Sho 61-72255, Sho 62-47646, Sho 62-36674, Sho 62-10652, Sho 62-30255, Sho 60-93445, Sho 60- 
94462, Sho 60-174749, Sho 60-175052, etc.), etc. 

[0028] These compounds can be used as the positive hole-transporting material, but the following compounds are 
preferably used: 

porphylin compounds (disclosed in Japanese patent application laid-open No. Sho 63-295695, etc.), 
aromatic tertiary amine compounds and styrylamine compounds (disclosed in U.S.P. No. 4,127,412, Japanese pat- 
ent application laid-open Nos. Sho 53-27033, Sho 54-58445, Sho 54-149634, Sho 54-64299, Sho 55-79450, Sho 

55- 1 44250, Sho 56-1 1 91 32, Sho 61 -295558, Sho 61 -98353, Sho 63-295695, etc.), etc. 

It is particularly preferable to use the aromatic tertiary amine compounds. 
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[0029] Representative examples of porphylin compounds are as follows: 

porphylin; 5,10,15,20-tetraphenyl-21 H,23H-porphylin Cu(ll); 5,10,15,20-tetraphenyl-21H t 23H-porphylin Zn(ll); 
5,10,15,20-tetraxis(pentafluorophenyl)-21 H,23H-porphylin; siliconphthalocyanine oxide; aluminumphthalocyanine 
chloride; phthalocyanine (non-metal); dilithiumphthalocyanine; Cu tetramethylphthalocyanlne, Cu phthalocyanine, 
Cr phthalocyanine; Zn phthalocyanine; Pb phthalocyanine; Ti phthalocyanine; Mg phthalocyanine; Cu octamethyl- 
phthalocyanine, etc. 

[0030] Further, representative examples of the aromatic tertiary compounds and stylylamine compounds are as fol- 
lows: 

N.N.N'.N'-tetraphenyl^^'-diaminobiphenyl; N.N'-diphenyl-N.N'-ditS-methylphenyO^^-diaminobiphenyl (TPD); 
2,2 , -bis(4-di-p-triaminophenyl)propane; 1,1-bis(4-di-p-tolylaminophenyl)cyclohexane; N.N.N'.N'-tetra-p-tolyM^'- 
diaminobiphenyl; 1 t 1-bis(4-di-p-tolylaminophenyl)-4-phenylcyclohexane; bis(4-dimethylamino-2-methylphe- 
nyl)phenylmethane; N,N'-diphenyl-N,N , -di(4-methoxyphenyl)4,4'-diaminobiphenyl; N,N'-tetraphenyl-4 f 4'-diamino- 
biphenyl ether, 4,4'-bis(diphenylamino)quadiphenyl; N,N,N-tri(p-tolyl)amine; 4-(di-p-tolylamine)-4'-[4(di-p- 
tolylamine)-styryl]stilbene; 4-N,N-diphenylamino-(2-diphenylvinyl)benzene; 3-methoxy-4'-N,N-diphenylaminostil- 
bene; N-phenylcarbazole; etc. 

[0031] The electron-transporting layer in the EL element of the present invention consists of an electron-transport- 
ing material and has a function of transmitting an electron injected from the cathode to the luminescent layer. Such an 
electron-transporting material has no particular limitation, and can be optionally chosen from among so far known com- 
pounds and used. 

[0032] Examples of the electron-transporting material are as follows: 

nitro-substituted fluorenone derivatives expressed by the formulas (63) and (64) 




(63) 



o « 



O a 




(64) 



thiopyranoxide derivatives expressed by the formulas (65): 
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(65) 



diphenylquinone derivatives expressed by the formula (66): 



t-B u t-B u 




t-B u t-B u (66) 



or 

anthraquinodimethane derivatives (disclosed in Japanese patent application laid-open Nos. Sho 57-149259, Sho 
58-55450, Sho 61-225151 , Sho 61-233750, Sho 63-104061 , etc.) expressed by the formulas (67) and (68): 




(67) 



(68) 



fluorenylidenemethane derivatives (disclosed in Japanese patent application laid-open Nos. Sho 60-69657, Sho 
61-143764, Sho 61-148159, etc.), 
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anthrone derivatives (disclosed in Japanese patent application Nos. Sho 61-225151, Sho 61-233750, etc.) 
oxadiazole derivatives (disclosed in Japan Chemical Society, 1991, (11): 1540, Jpn. J. Appl. Phys., 27, L713 
(1988), Appl. Phys. Lett., 55, 1489 (1989), etc), 

thiophene derivatives (Japanese patent application laid-open No. Hei 4-212286), etc. 

5 

[0033] Next, examples of suitable processes for preparing the EL element using the copolymer of the present 
invention will be described as regards the respective constituting elements. The preparation process of the above-men- 
tioned EL element consisting of anode/thin film containing the copolymer/cathode will be first described. A thin film 
composed of a desired electrodic substance, for example a substance for anode, is firstly formed on a suitable sub- 
to strate, so as to give a film thickness in the range of 1 urn or less, preferably 10 to 200 nm, according to a process such 
as deposition, spattering, etc., to thereby prepare an anode, followed, by forming thereon a thin film containing the 
copolymer of the present invention to provide a luminescent layer. As the process for making the luminescent layer into 
a thin film, immersion-coating process, spin-coating process, casting process, deposition process, etc. are exemplified, 
and immersion-coating process, spin-coating process or casting process is preferable in the aspects of not breaking the 
15 copolymer of the present invention, being capable of easily obtaining a uniform film, difficultly forming pin hole, etc. 
[0034] When for example the spin-coating process is employed for making the copolymer into a thin film, the copol- 
ymer is dissolved in a solvent (e.g. THF, DMF, NMP, DMSO, toluene, benzene, chloroform, etc.) and the resulting solu- 
tion is coated on a substrate by means of spinner while rotating the substrate. Next, after formation of the resulting 
copolymer layer, a thin film consisting of a substance for cathode is formed on the layer, in a thickness of 1 |im or less, 
20 for example according to method of deposition, spattering, etc. to provide a cathode, whereby a desired EL element is 
obtained. In addition, in the preparation of this EL element, the preparation order may be also reversed, that is, it may 
be the order of the cathode, luminescent layer, anode. 

[0035] Next, the preparation process of an EL element consisting of anode/thin film containing the copolymer/elec- 
tron-transporting layer/cathode will be described. 

25 [0036] An anode is firstly formed in the same manner as in the case of the above EL element, followed by forming 
thereon a thin film containing a copolymer under the above spin-coating conditions, next forming on the thin film, a thin 
film consisting of an electron-transporting material, according to deposition, etc., to provide an electron-transporting 
layer, and then providing thereon a cathode in the same manner as in the above EL element preparation, to obtain the 
desired EL element. In addition, in the preparation of this EL element, too, the preparation order may also be reversed, 

30 that is, it may be in the order of cathode/electron -injecting layer/luminescent layer/anode. 

[0037] Further, a preparation process of an EL element consisting of anode/a thin film containing a copolymer and 
an electron-transporting material/cathode will be described. In the same manner as in the case of the above EL ele- 
ment, an anode is provided, followed by mixing the copolymer of the present invention with an electron-transporting 
material, providing a luminescent layer according to spin-coating process, and lastly providing a cathode in the same 

35 manner as above, to obtain the desired EL element. In addition, in this preparation of EL element, the preparation order 
may also be reversed, that is, it may be prepared in the order of cathode/luminescent layer/positive hole-injecting 
layer/anode. 

[0038] In the case where a direct current voltage is impressed onto the thus obtained EL element, when about 5 to 
40 V is impressed, it is possible to observe luminescence from transparent or translucent electrode side. Further, even 
40 when an alternating current is impressed, light is emitted. In addition, the wave form of the impressed alternating current 
may be optional. 

[0039] Next, the luminescent mechanism of the EL element will be described referring to the case of a construction 
of anode/thin film containing a copolymer and an electron-transporting material/cathode, as an example. When a volt- 
age is impressed between the electrodes, the positive hole is injected from the anode into the carbazole part of the 

45 copolymer by the electric field. This injected positive hole is transported through the carbazole part to the cumarin part, 
. [0040] On the other hand, the electron is injected from the cathode into the electron-transporting material by the 
electric field, and further transported into the cumarin part of the copolymer, where it is rebonded to the positive hole. 
When this rebonding is carried out, the cumarin part is excited and when it returns to the base state, the part emits light. 
At that time, it is preferred that the oxidation potential of the cumarin part is lower than that of the carbazole part and 

so the reduction potential of the cumarin part is lower than that of the electron-transporting material. 

[0041] As the use applications of the copolymer of the present invention, luminescent materials for fluorescent 
paints and lacquers, photosensitive materials for electrophotography, photoelectric materials for solar cell, etc. besides 
the EL element, and as the use applications of the element of the present invention, display or illumination (backlight of 
liquid crystal display device, fluorescent light), etc. are considered. 

55 

(Example) 

[0042] The present invention will be described in more detail by way of Preparation examples, Exmaples and Com- 
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parative example: 
Preparation exmaple 1 

Preparation of S-C^-benzoxazolyO-y-vinylcarbonylumbelliferone 

[0043] 3-(2'-benzooxazolyl)umbelliferone (323 mg) was dissloved in THF, followed by adding to the solution, pyrid- 
ine (2 n\£) and acrylic acid chloride (1 1 0 mg) in this order, agitating the mixture at room temperature overnight, adding 
a slight quantity of hydroquinone, adding water and toluene (each, 100 m£), extracting the resulting material into the 
organic layer, five times washing the organic layer with water (50 m*), drying over anhydrous magnesium sulfate, distill- 
ing off toluene and purifying according to silica gel column chromatography, to obtain the objective 3-(2'-benzooxazolyl)- 
7-vinylcarbonylumbelliferone. The structure was confirmed according to 1H-NMR (CHC^). 

1 H-NMR(CHC* 3 ) 

8=6.1 2 (q, 1 H), 6.36 (q, 1 H), 6.79(q, 1 H), 7.21 (q, 1 H), 7.27 (q, 1 H), 7.41 (m, 2H), 7.64 (m, 1 H), 7.70 (d, 1 H), 
7.87 (m, 1H),8.78 (s, 1H) 

Preparation example 2 

Preparation of 3-(2 , -benzoxazolyl)-7-(2-vinylcarbonyloxyethyl)umbelliferone 

[0044] A THF solution of 2-bromoethanol (2.74 g) was added to a THF solution of 3-(2'-benzoxazolyl)umbelliferone 
(1 .4 g) and K 2 C0 3 (1 .38 g), followed by refluxing the mixture for 5 hours, filtering off solids, distilling off THF, adding tol- 
uene and water (each, 50 m*), extracting into an organic layer, further twice washing with water, drying over anhydrous 
magnesium sulfate, concentrating, recrystallizing from ethyl acetate, and drying under reduced pressure, to obtain yel- 
low crystals (1 g). 

[0045] The crystals were dissolved in THF, followed by adding pyridine (1 0 m*) and acrylic acid chloride (400 mg) 
in this order, agitating at room temperature overnight, adding a slight quantity of hydroquinone, adding water and tolu- 
ene (each, 100 m/), extracting into an organic layer, five times washing the organic layer with water (50 m*), drying over 
magnesium sulfate, distilling off toluene and purifying according to silica gel column chromatography, to obtain the 
objective cumarin monomer. The structure was confirmed according to 1H-NMR. 

1 H-NMR(CHC* 3 ) 

8 = 4.33 (t, 2H), 4.57 (t, 2H), 5.89 (q, 1 H), 6.1 8 (q, 1 H), 6.48 (q, 1 H), 6.91 (d, 1 H), 6.96 (q, 1 H), 7.39 (m, 2H), 
7.58 (d, 1 H), 7.62 (m, 1 H), 7.85 (m, 1 H), 8.73 (s, 1 H) 

Example 1 

Copolvmerization of N-vinvlcarbazole with a cumarin derivative mo nomer 

[0046] 3-(2'-Benzoxazolyl)-7-vinylcarbonylumbelliferone (25 mg) obtained in Preparation example 1 and N-vinyl- 
carbazole (500 mg) were dissolved in benzene (20 mi), followed by sufficiently degassing, adding AIBN (10 mg), agi- 
tating the mixture at 60° to 70°C for 5 hours, cooling dropwise adding the solution into a mixed solution of methanol (300 
m*) with acetone (200 m*), filtering off deposited solids, dissolving them in THF (10 m£), again dropwise adding the 
solution into a mixed solution of methanol (300 m*) with acetone (200 rrtf), three times repeating this procedure, and 
drying the resulting solids under reduced pressure, to obtain a random copolymer (320 mg) of the present invention. 
According to elemental analysis of this copolymer, the content of cumarin derivative part was 5.0 mol % and the weight 
average molecular weight was 31,000. Further, this polymer emitted a blue-green color fluorescence by irradiation of 
ultraviolet rays. Its spectra are shown in Fig. 1 . 

Example 2 

Copolvmerization of N-vinvlcarbazole with a cumarin derivative monomer 

[0047] 3-(2 , Benzoxazolyl)-7-vinylcarbonylumbelliferone (5 mg) obtained in Preparation example 1 and N-vinylcar- 
bazole (500 mg) were dissolved in benzene (20 mt), followed by sufficiently degassing, adding AIBN (10 mg), agitating 
the mixture at 60° to 70°C for 5 hours, cooling, dropwise adding the solution into a mixed solution of methanol (300 m*) 
with acetone (200 m*), filtering off the deposited solids, dissolving them in THF (10 m*), again dropwise adding the 
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solution into a mixed solution of methanol (300 m*) with acetone (200 nrtf), three times repeating this procedure, and 
drying the resulting solids under reduced pressure, to obtain a random copolymer (390 mg) of the present invention. 
According to elemental analysis of this polymer, the content of cumarin derivative was 10.5 mol% and the weight aver- 
age molecular weight was 28,000. This polymer emitted a blue-green color fluorescence by irradiation of ultraviolet 
5 rays. Its spectra are shown in Fig. 2. 

Example 3 

Copolymerization of N-vinylcarbazole with q cumarin d erivative monomer 

10 

[0048] 3-(2'-Benzoxazolyl)-7-vinylcarbonylumbelliferone (10 mi) obtained in Preparation example 1 and N-vinylcar- 
bazole (500 mg) were dissolved in benzene (20 mi), followed by sufficiently degassing, adding AIBN (10 mg), agitating 
the mixture at 60° to 70°C for 5 hours, cooling, dropwise adding the solution into a mixed solution of methanol (300 mi) 
with acetone (200 m^), filtering off deposited solids, dissolving them in THF (10 mi) y again dropwise the solution into a 
15 mixed solution of methanol (300 mi) with acetone (200 mi), three times repeating this procedure, and drying the result- 
ing solids under reduced pressure, to obtain a random copolymer (390 mg). According to elemental analysis of the 
copolymer, the content of cumarin derivative was 3.6 mol% and the weight average molecular weight was 30,000. This 
polymer emitted a blue light fluorescence by irradiation of ultraviolet rays. The spectra are shown in Fig. 3. 

20 Example 4 

Copolymerization of N-vinylcarbazole with cumarin derivative monomer 

[0049] 3-(2'-Benzoxazolyl)-7-(2-vinylcarbonyloxyethyl)-umbelliferone (15 mg) obtained in Preparation example 2 
25 and N-vinylcarbazole (500 mg) were dissolved in benzene (20 mi), followed by sufficiently degassing, adding AIBN (10 
mg), agitating the solution at 60° to 70°C for 5 hours, cooling the solution, dropwise adding it into a mixed solution of 
methanol (300 mi) with acetone (200 m^), filtering off deposited solids, dissolving them in THF (10 mi), again dropwise 
adding the solution into a mixed solution of methanol (300 mi) with acetone (200 mi), three times repeating this proce- 
dure and drying the resulting solids under reduced pressure, to obtain a random copolymer of the present invention 
30 (390 mg). According to elemental analysis of this polymer, the content of cumarin derivative was 5.2 mol%, and the 
weight average molecular weight was 32,000. This polymer emitted a blue color fluorescence by irradiation of ultraviolet 
rays. The spectra are shown in Fig. 4. 

Example 5 

35 

[0050] ITO was made into a film of 5 nm thickness on a glass substrate of 25 mm x 75 mm x 1 .1 mm according to 
deposition process (made by Tokyo Sanyo Vacuum Co., Ltd.), to obtain a transparent, supporting substrate. This trans- 
parent, supporting substrate was fixed onto a commercially available spinner (made by Kyoei Semiconductor Co., Ltd.), 
followed by spin-coating with a toluene solution of the copolymer (0.5 part by weight) obtained in Example 3, at 6,000 

40 rpm, drying the substrate at 50°C under a reduced pressure of 10" 1 Pa to form a luminescent layer having a film thick- 
ness of 5 nm, fixing the substrate having the luminescent layer formed thereon, onto a substrate holder of a commer- 
cially available deposition device made by Shinkukiko Co., Ltd., installing an aluminum mask on the above luminescent 
layer, reducing the pressure of the vacuum layer down to 2 x 10" 4 Pa, depositing Mg from a graphitic crucible at a dep- 
osition speed of 1 .2 to 2.4 nm/sec. and at the same time, depositing Ag from another crucible at a deposition speed of 

45 0.1 to 0.2 nm/sec, to laminate-deposit an Mg-Ag mixed metal electrode on the luminescent layer in a thickness of 200 
nm under the above conditions, and thereby obtain an opposite electrode for an element. 

[0051] An element was prepared from ITO electrode as an anode and the Mg-Ag mixed metal electrode as a cath- 
ode. When a direct current voltage of 40 V was impressed upon the thus prepared element in air, a current of 100 
mA/cm 2 flew, to obtain a uniform and stabilized, blue color surface luminescence of 300 cd/m 2 . 

50 

Example 6 

[0052] After the luminescent layer of Example 5 was formed, a substrate was fixed onto a substrate holder of a dep- 
osition device, followed by reducing the pressure of the vacuum layer down to 2 x 10~ 4 Pa, depositing 2-(4-biphenyl)-5- 
55 (4-butylphenyl)-1 ,3,4-oxadiazole as an electron-transporting layer from a siliceous crucible in a thickness of 50 nm, and 
at a deposition speed of 0.1 to 0.2 nm/sec, thereafter depositing an Mg-Ag mixed metal electrode on the electron-trans- 
porting layer in a thickness of 200 nm, in the same manner as in Example 5, to prepare an element. When a direct cur- 
rent voltage of 35 V was impressed upon an element of ITO electrode as an anode and the mixed metal electrode as a 
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cathode in air, a current of 100 mA/cm 2 flew, to obtain a uniform and stabilized blue color surface luminescence of 500 
cd/m 2 . 

Example 7 

5 

[0053] Using a toluene solution of the copolymer of Example 3 (0.3 part by weight) as a luminescent material and 
2-(4-biphenyl)-5-(4-butylphenyl)-1,3,4-oxadiazole (0.3 part by weight) as an electron-transporting material, a lumines- 
cent layer having a film thickness of 50 nm was formed on a transparent supporting substrate, in the same manner as 
in Example 5. Thereafter, an Mg-Ag mixed metal electrode was deposited on the above luminescent layer in a thickness 
10 of 200 nm, in the same manner as in Example 5, to prepare an element. When a direct current voltage of 25 V was 
impressed upon an element prepared from ITO electrode as an anode and the mixed metal electrode as a cathode, in 
air, a current of 100 mA/cm 2 flew to obtain a uniform and stabilized blue color surface luminescence of 500 cd/m 2 . 

Example 8 

15 

[0054] After a luminescent layer same as in Example 7 was formed, a substrate was fixed onto a substrate holder 
of a deposition device, followed by reducing the pressure of a vacuum layer down to 2 x 1 0~ 4 Pa, depositing tris(8- 
hydroxyquinolino)aluminum as an electron-transporting layer from a siliceus crucible in a thickness of 50 nm at a dep- 
osition speed of 0.1 to 0.2 nm/sec, thereafter depositing an Mg-Ag mixed metal electrode on the electron-transporting 
20 layer in a thickness of 200 nm in the same manner as in Example 5, to prepare an element. When a direct current volt- 
age of 15 V was impressed upon an element prepared from ITO electrode as an anode and the mixed metal electrode 
as a cathode, in air, a current of 100 mA/cm 2 flew, to obtain a uniform and stabilized blue color surface luminescence 
of 800 cd/m 2 . 

25 Comparative example 1 

[0055] Using a toluene solution of poly(3-(2'-benzoxazolyl)-7-(2-vinylcarbonyloxyethyl)umbelliferone (0.01 5 part by 
weight) as a luminescent material and poly(N-vinylcarbazole) (0.5 part by weight) as an electron-transporting material, 
a luminescent layer was formed on a transparent supporting substrate, in the same manner as in Example 5. The result- 
30 ing film thickness was 50 nm. Thereafter, an Mg-Ag mixed metal electrode was deposited on the luminescent layer in a 
thickness of 200 nm, in the same manner as in Example 5, to prepare an element. When a direct current voltage of 41 
V was impressed on an element prepared from ITO electrode as an anode and the mixed metal electrode as a cathode, 
in air, a current of 100 mA/cm 2 flew, to obtain a blue color surface luminescence of 250 cd/m 2 , but this color was pro- 
vided with lights and shades, and the translucence became damped just after the impression of the voltage. 

35 

Effectiveness of the Invention 

[0056] The copolymer of the present invention has superior film-forming properties and also a superior adhesion 
onto substrate; hence it is possible to form a good coating film without using any adhesive. Further, the copolymer is at 

40 the same time in one molecule provided with a cumarin derivative having a high fluorescent intensity and an N-vinylcar- 
bazole part having superior electron -transporting properties; hence as to the EL element containing the copolymer film 
of the present invention, movement of electric charge occurs with a good efficiency and it is possible to obtain a stabi- 
lized surface luminescence. Further, since it is possible for the copolymer of the present invention to effect lumines- 
cence over the whole visible region, its use makes it possible to produce a luminescent element having a high efficiency, 

45 such as full color display, etc. 

Claims 

1 . A copolymer comprising repeating units of formulae (1 ) and (2) below, repeating units (1 ) forming 0.01 to 50 mol% 
so of the total of repeating units, and the weight average molecular weight calculated in terms of polystyrene meas- 
ured according to gel permeation chromatography being 1 ,000 to 1 ,000,000: 
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( 1 ) 



( 2 ) 



in which formula (1 ), R 1 to R 5 are each independently a hydrogen or fluroine atom or an alkyl alkoxy, dialkylamino, 
alkanoyloxy, alkyloxycarbonyl, aryl, cyano, alkanoyl or trifluoromethyl group; X represents a group O or NY (wherein 
Y represents a hydrogen atom or an alkyl or aryl group); n represents 0, 1 or 2; and R 6 represents a hydrogen atom 
or a methyl group. 

A copolymer according to claim 1 , wherein the repeating units of formulae (1 ) and (2) are arranged randomly. 

A process for producing a copolymer, which comprises copolymerising 0.01 to 50 mol% of one or more of cumarin 
derivatives of the formula (3) 




( 3 ) 



(in which R r R 6l X and n have the meanings defined in claim 1) with 99.99 to 50% by mol of N-vinylcarbazole, in 
the presence of a polymerization initiator or catalyst. 

An electroluminescent element using a thin film containing a copolymer as defined in claim 1 . 

An electroluminescent element according to claim 4, comprising an anode, a thin film containing said copolymer 
and a cathode. 

An electroluminescent element according to claim 4, comprising an anode, a thin film containing said copolymer, a 
thin film consisting of an electron-transporting material and a cathode. 

An electroluminescent element according to claim 4, comprising an anode, a thin film containing said copolymer 
and an electron-transporting material, and a cathode. 
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Patentanspruche 

1. Copolymer, das Wiederholungseinheiten der unten angegebenen Formeln (1) und (2) enthalt, wobei die Wieder- 
holungseinheiten (1) 0,01 bis 50 Mol% der gesamten Wiederholungseinheiten ausmachen und das durchschnittli- 
che Molekulargewicht in Bezug auf das Gewicht im Vergleich zu Polystyrol angegeben und gemaB der 
Gelpermeations-Chromatographie gemessen, 1 .000 bis 1 .000.000 betragt: 




wobei in der Formel (1) R n bis R 5 jeweils unabhangig voneinander ein Wasserstoff- oder ein Fluoratom oder eine 
Alkylalkoxy-, Dialkylamino-, Alkanoyloxy-, Alkyloxycarbonyl-, Aryl-, Cyano, Alkanoyl- oder Trifluormethylgruppe 
sind; X fur eine O- oder NY-Gruppe steht (wobei Y ein Wasserstoffatom oder eine Alkyl- oder Arylgruppe darstellt); 
n fur 0, 1 oder 2 steht; und R 6 fur ein Wasserstoffatom oder eine Methylgruppe steht. 

2. Copolymer gemaB Anspruch 1 , in dem die Wiederholungseinheiten der Formeln (1 ) und (2) willkurlich angeordnet 
sind. 

3. Verfahren zum Herstellen eines Copolymers, welches das Copolymerisieren von 0,01 bis 50 Mol% eines oder 
mehrerer Cumarinderivate(s) der Formel (3) beinhaltet 




(in der R r R 6 , X und n die in dem Anspruch 1 festgelegten Bedeutungen haben) mit 99,99 bis 50 Mol% an N-Vinyl- 
carbazol, in Anwesenheit eines Polymerisationsinitiators oder Katalysators. 
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4. Ein Elektrolumineszenzelement, das einen dunnen Film benutzt, der ein wie in Anspruch 1 festgelegtes Copolymer 
aufweist. 

5. Elektrolumineszenzelement gemaB Anspruch 4, das eine Anode, einen dunnen Film, der das besagte Copolymer 
5 enthalt, sowie eine Kathode aufweist. 

6. Elektrolumineszenzelement gemaB Anspruch 4, das eine Anode, einen dunnen Film, der das besagte Copolymer 
enthalt, einen dunnen aus einem elektronentransportierenden Material bestehenden Film, sowie eine Kathode auf- 
weist. 

10 

7. Elektrolumineszenzelement gemaB Anspruch 4, das eine Anode, einen dunnen Film, der das besagte Copolymer 
und ein elektronentransportierendes Material enthalt, sowie eine Kathode aufweist. 

Revendications 

15 

1. Copolymere comprenant des unites repetitives de formules (1) et (2) ci-dessous, les unites repetitives (1) formant 
0,01 a 50% en moles du total des unites repetitives, et le poids moleculaire moyen en poids calcule en terme de 
polystyrene mesur6 par chromatographie par permeation de gel etant compris entre 1000 et 1 000 000: 



20 
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30 



35 



40 




45 



formule (1) dans laquelle a R 5 sont chacun independamment un atome d'hydrogene ou de fluor ou un groupe 
alkyle, alcoxy, dialkylamino, alcanoyloxy, alkyloxycarbonyle, aryle, cyano, alcanoyle ou trifluorom6thyle; X repre- 
so sente un groupe O ou NY (ou Y represente un atome d'hydrogene ou un groupe alkyle ou aryle); n represente 0, 
1 ou 2; et R 6 represente un atome d'hydrogene ou un groupe methyle. 

2. Copolymere selon la revendication 1, dans lequel les unites repetitives de formules (1) et (2) sont disposees de 
manfere aleatoire. 

55 

3. ProcSde de preparation d'un copolymere, qui comprend la copolym6risation de 0,01 a 50% en moles d'un ou plu- 
sieurs d6riv6s de coumarine de formule (3) 
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*3 



*2 



R4 



o 



(3) 



*6 (0-CH 2 CH 2 ) n X 




(dans laquelle R r R 6 , X et n ont les definitions donnees dans la revendication 1) avec 99,99 a 50% en mol es de 
N-vinylcarbazole, en presence d'un initiateur ou d'un catalyseur de polymerisation. 

Element electroluminescent utilisant un film mince contenant un copolymere tel que defini dans la revendication 1 . 

Element electroluminescent selon la revendication 4, comprenant une anode, un film mince contenant ledit copo- 
lymere et une cathode. 

Element electroluminescent selon la revendication 4, comprenant une anode, un film mince contenant ledit copo- 
lymere, un film mince constitue d'un materiau transporteur d'electrons et une cathode. 

Element electroluminescent selon la revendication 4, comprenant une anode, un film mince contenant ledit copo- 
lymere et un materiau transporteur d'electrons, et une cathode. 
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FIG, 2 

Intensity (Optional unit) 



309 




30 



t 



EP 0 661 366 B1 




31 



EP 0 661 366 B1 



FIG. 4 



Intensity (Optional unit) 
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